Copernicus ultraviolet spectra from 2100 to 3200 Â are presented for the normal stars a Aql (A7 IV,V) and a CMi (F5 IV-V) along with a rocket spectrum of the Sun (G2 V) obtained by Broadfoot. The major features in a CMi have been identified through comparison with the Sun and a calculated spectrum from a model with T e îf = 6500 K. The strong absorption centered on 2798 Â due to the Mg n resonance doublet, and a discontinuity at 2635 Â, should be useful for estimating the redshift of a galaxy observed at low resolution if z ^ 0.75.
I. INTRODUCTION Recent observations of faint galaxies are revealing redshifts well in excess of Minkowski's (1960) long standing limit of z = 0.46 for 3C 295. In the case of 3C 123, with z = 0.637 (Spinrad 1975) , a wavelength of 2077 Â is shifted to 3400 Â, which is accessible with ground-based instruments. In order to identify the ions producing the absorption features in such galaxies, it would be useful to have a set of ultraviolet stellar spectra for comparison. Therefore, in this paper we present scans of the two stars a Aql (A7 IV,V) and « CMi (F5 IV-V) obtained with the Copernicus satellite spectrometer (Rogerson, Spitzer, et al. 1973) , along with a spectrum of the Sun (G2 V) from a calibrated rocket flight by Broadfoot (1972) . The spectral types for a Aql and a CMi were from Johnson et al. (1966) . According to Johnson and Morgan (1953) , the classification IV,V describes the indeterminacy in the luminosity of broad-lined stars at A7, indicating that a Aql is either A7 IV or A7 V. In the case of a CMi, IV-V implies that the luminosity is midway between these two types.
The spectra are plotted in Figures 1, 2 , and 3. at their original resolutions of about 0.4 Â for a Aql and a CMi, and 4.5 Â for the Sun. In addition, the first two stars have been smoothed with a Gaussian filter of 4.95 Â FWHM to better represent the galaxy observations. The rotational velocities of psin/ = 6 km s _1 for a CMi and p = 2 km s _1 for the Sun are insignificant, but v sin i = 236 km s _1 for a Aql * Guest Investigator with the Princeton University telescope on the Copernicus satellite, which is sponsored and operated by the National Aeronautics and Space Administration.
(Uesugi and Fukuda 1970) does cause considerable blending of the lines in this star. Unfortunately no other late A star is bright enough to substitute. Some information on the sources of line blanketing is given in § III, and possible applications to galaxy spectra are discussed in § IV.
Giant or subgiant stars might have provided a better approximation for the galaxy spectra, but there are neither giants nor pure subgiants cooler than B that are bright enough to give an adequate ratio of signal to noise with Copernicus. Extension of this atlas to include a K star would have been useful, but the UV continuum shortward of 3000 Â is not detected easily from stars cooler than G2. Moos et al. (1974) and McClintock et al. (1975) have used the Copernicus spectrometer to study the emission lines due to La, O v À1218.4, Si in A1206.5, and Mg h A2795.5, 2802 in ß Gem (K0 III), a Boo (K2 IIIp), and a Tau (K5 III). The continuum near the Mg n lines was detectable in ß Gem from an average of 12 V2 scans, but not with 16 scans of a Tau nor eight scans of a Boo.
Other investigations of the stars in this paper include the balloon flight by Kondo et al. (1972) , who detected the Mg n emission lines at the bottom of a broad absorption in a CMi, and the Copernicus scans by Evans, Jordan, and Wilson (1975) , who measured the emission profiles of La, Si m À1206.5, and O vi A1031.9.
A very low-dispersion spectrum of a Aql has been published by Code et al. 1976 .
II. OBSERVATIONS AND DATA REDUCTION
The Copernicus spectra were obtained with the V2 detector in first order. The plots in Figures 1 and 2 Table 1. averages of several scans-two for a Aql observed on 1974 October 24-26 (orbits 11486-11522), and as many as four for a CMi observed on 1973 November 24 (orbits 6654-6666) and 1974 April 8-12 (orbits 8616-8666). Corrections for the background counts due to cosmic rays and Van Allen particles were applied based on data taken at similar geomagnetic coordinates when no star was on the slit. Usually the background ranged between 1900 and 7700 counts per 14 s interval for a Aql, and between 2300 and 5200 for a CMi. Unfortunately the noise in the background remains, so that the noise in the spectra exceeds that expected from the signal counts. The vertical scale in Figures 1, 2 , 4a, and 4Ô, when multiplied by 10 2 , represents the average counts from the star in a 14 s interval without calibration for the instrumental sensitivity. No correction has been made for scattered light in the spectrometer; there is some evidence from observations of saturated interstellar lines in other stars that scattering contributes about 10% of the continuum level at 2800 Â. Occasionally there are jumps in the signal, probably due to slight changes in the focus or the location of the star on the slit between the occultations by the Earth. Bless (1975) has derived an absolute intensity scale for the Copernicus spectrometer from a comparison of scans of a Vir, ^ UMa, and a Leo with observations of these stars by a rocket calibrated with a synchrotron source. The resulting curve for orbits 4000-4300 (1973 May) is shown in Figure 5 , where the ordinate gives the photons cm" 2 s _1 Â" 1 corresponding to one count in the Copernicus standard 14 s (actually 13?76) integration interval. Except for the powers of 10 2 noted in the legends, the ordinates in Figures 1, 2 , and 4 are the numbers of counts in 14 s, whereas the solar plots already are in photons cm" 2 s" 1 Â" 1 . Errors of ± 10%, and possibly larger, in the Copernicus counts can be expected as a result of changes in the fraction of starlight passing through the entrance slit. Between orbits 630 and 5680, Snow (1975) has reported a decrease in the V2 sensitivity by a factor ranging from 0.77 at 2000 Â to 0.91 at 3000 Â, followed by Bless (1975) . This curve was derived for orbits between 4000 and 4300, and probably is applicable as far as orbit 14700. However, sometime prior to orbit 4000 the Copernicus sensitivity was 10-30% higher.
no further change up to orbit 14680. If any of the drop occurred between orbits 4300 and 5680, the effect probably is less than the uncertainties of the calibration, and hence has been ignored here.
The wavelength scale is the standard one for Copernicus V2 scans, reduced to air. Corrections have been applied for the orbital velocities of the Earth and satellite and for the stellar radial velocities of -26.3 km s" 1 for a Aql and -3.2 km s" 1 for a CMi, so that laboratory wavelengths can be read directly from the figures. Longward of 3000 Â Morton and Underhill (1976) have found some evidence for a correction of about +0.8 Â to add to these wavelengths. The sharp lines in a CMi correspond to a resolution of 0.4 Â FWHM.
The solar spectrum was observed by Broadfoot (1972) with a rocket spectrometer on 1970 June 15. The data in Figures 3 and 4 represent the integrated disk, and were carefully calibrated so that the vertical scale, multiplied by 10 11 , represents photons cm" 2 s" 1 Â" 1 received outside the Earth's atmosphere. The scattered light from longer wavelengths has been subtracted. The intensity scale probably is reliable to ±15% shortward of 3000 Â, with larger errors possible at longer wavelengths. The wavelength scale was determined from a comparison with higher resolution photographic spectra; in Figures 3 and 4c the horizontal scale could have errors of ± 1.6 Â (s.d.). The solar data were plotted at 0.5 Â intervals, but the narrowest features had 4.5 Â FWHM. More detailed spectral information with reliable relative intensities and identifications is available from Wilson et al. (1954) and Malitson et al. (1960) . Longward of 2935 Ä the solar lines are listed by Moore, Minnaert, and Houtgast (1966) . Figure 4 shows the spectra of a Aql and a CMi smoothed by a Gaussian profile of 4.95 Â FWHM with the wings truncated at ±11.06 Â. For comparison, the solar spectrum is repeated with no additional smoothing beyond the instrumental resolution of about 4.5 Â.
m. LINE IDENTIFICATIONS IN THE PROCYON SPECTRUM
We have identified about 1500 fairly strong absorption lines in the a CMi spectrum between 2400 and 2961 Â. The identifications were made by comparison with the McAllister (1960) Solar Atlas, and especially by use of a theoretical model spectrum computed by Kurucz. The spectrum was synthesized from a blanketed LTE model with T eii = 6500 K and g = 10 4 0 cm s" 2 using the Kurucz (1974) program; we found good agreement between the model lines and those observed in a CMi. However, any search for lines from such interesting minor constituents as Be and B should be made at higher spectral purity. Table 1 lists eight absorption edges or troughs shortward of 2961 Â that are prominent in at least one of the low-resolution spectra of Figure 4 . Some of these features should be detectable in a galaxy with a large redshift. The table gives the wavelength halfway down a discontinuity or at the center of a trough, as well as the range over which the feature extends. Of course, the short-wavelength limit of a discontinuity is somewhat arbitrary. The strongest features in each star are indicated by vertical lines in the figure. It is clear from Figure 5 that none of the features is due to a variation in the spectrometer sensitivity. The identified ions contributing most to each feature are listed by order of the number of lines present, except that the extremely strong Mg i and Mg n resonance lines are given precedence, even though these ions have many fewer lines. Ions with resonance lines, i.e., transitions from the ground term, are noted in the last column of the table, along with the ultraviolet multiplet numbers from Moore (1950 Moore ( , 1953 . Over the whole region from 2400 to 2961 Â in a CMi, Fe n accounts for 29% of the lines, Fe i 25%, Cr n 12%, Cr i 8%, Mn ii 4%, and V ii 4%.
The size of the discontinuity at 2415 Â is smaller than the others noted here, but it changes little over our three spectral types. A major contributor must be multiplet 2 of Fe ii, which has 14 absorption lines from the ground term shortward of 2413 Â. The next step in the average intensity, around 2565 Â, is more gradual and is important only in the solar spectrum. However, the one at 2635 Â is relatively sharp and is clearly visible in all three stars, though with decreasing strength from the Sun to a Aql. Multiplet 1 of Fe ii has 13 lines from the ground term at wavelengths below 2631.4 Â. The blend of absorption lines around 2718 Â is seen easily in only the solar spectrum, while the next one at 2246 Â is also significant in a CMi. The strong absorption at 2798 Â, due mainly to the resonance doublet of Mg il (AA2795. 528, 2802.704) , is prominent in all three stars, but the narrower absorption at 2852 Â due to the Mg i (A2852.127) line is almost gone at the temperature of MORTON, SPINRAD, BRUZUAL A., AND KURUCZ a Aql. The weak Mg n emission in a CMi is apparent in the full-resolution plot of Figure 2 . This emission is stronger in the Sun, and dominates this spectral region in K giants, as noted in § I. In hotter stars such as a Lyr (A0 V), the Mg n absorption is still present, but the lines are well resolved, with FWHM of only 1.5 and 1.0 Â. The Sun has a major discontinuity at 2897 Â which is scarcely visible in the hotter stars. The deep solar absorption line near 2881 Â is mainly due to A2881.579 of Si i. Both the Sun and a CMi have a strong absorption centered on 3097 Â; in the Sun Moore, Minnaert, and Houtgast (1966) found that the principal contributors are Mg i, Al i, and Fe i.
IV. FUTURE APPLICATION TO GALAXY SYNTHESIS AND DETERMINATION OF REDSHIFTS
Ultraviolet wavelengths shortward of 3000 Â are becoming accessible to the observers of faint, redshifted galaxies. From present population synthesis (Spinrad and Taylor 1971; Tinsley 1972) we might expect a nearby E galaxy to have a characteristic spectral type close to GO IV in the 2500 Â region. However, the galaxies with z > 0.4 which have been observed in the ultraviolet (Oke 1971; Spinrad 1976) are sufficiently distant that the main-sequence turnoff point may be at middle F. Unknown is the contribution of hotter horizontal-branch stars, which could be important if the E or cD galaxy has an envelope which is metal-poor.
The evidence, as it now stands, suggests that the energy distributions of galaxies 3C 295 with z == 0.46 (Oke 1971) , Cl 0024+16 with z = 0.39 (Gunn and Oke 1975) , and 3C 123 with z = 0.64 (Spinrad 1975) all appear flatter in the 2800-3200 Â region than does our F5 IV-V star a CMi. Scans of higher quality of these and other distant galaxies presently being observed should clarify this point in the near future.
As for the redshift determination itself, the Mg n resonance lines, which are blended at low resolution, and the 2635 Â continuum break would be the best spectral features to observe at z ^ 0.75, when the normal H and K Ca n lines merge into the very strong airglow OH bands at A ^ 6850 Â. The a Aql spectrum shows that the 2635 Â break should be detectable in stars as hot as A7, and the Mg n absorption at 2798 in stars somewhat hotter. If distant galaxies have even hotter equivalent spectral types at these wavelengths, then a redshift determination could become difficult.
